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Abstract:
How are Nebraska land use decisions affecting eastern monarch butterfly decline? What are the
driving factors causing monarch decline? What are the challenges of insect monitoring and data
organizing? The purpose of this exploratory research project was to investigate these questions
and simultaneously illustrate the importance of insect biodiversity, focusing largely on the
monarch butterfly. The eastern population of the monarch butterfly has declined 80% over the
past two decades. The state of Nebraska lies within their migratory path and is therefore critical
to their survival. The hypothesis is that monarch populations are declining because of the
combined impacts of land use changes, agrochemicals, the subsequent milkweed loss, and
climate change. A qualitative, non-empirical research method was used, and this two-semester
process was primarily guided by a five-step systematic literature review and by following
examples of published works. The goal of the project was to find out if one factor was affecting
monarch decline more than others and if Nebraska had any role in it. This project provides
further awareness of monarch butterflies, the importance of contemplative land use, and conveys
the interconnectedness between humans, agriculture, and insects. Since there are many factors
driving the decline of monarch populations, there are many solutions to explore for saving the
monarch.
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Effects of Land Use in Nebraska on Insect Biodiversity and Eastern Monarch Butterfly
Populations
Introduction:
Land use and resource management are key components of conservation today.
Numerous organisms are impacted by human decisions regarding these components. According
to Cardoso et al. (2020), there are an estimated 5.5 million distinct species of insects on the
planet with most of those species being unclassified. Globally, insects supply pollination services
for about 75% of crop species and assist 94% of wild flowering plants (Vanbergen, 2013).
Current rates of insect decline may lead to the extinction of 40% of the world's insect species
over the next few decades (Sanchez-Bayo et al. 2019). Habitat loss is a major reason for this
decline along with resulting fragmentation and degraded lands (Cardoso et al., 2020). Insects are
an integral part of life on earth, yet humans have a long history of trying to eliminate many of
them. The monarch butterfly (Danaus plexippus) is an iconic migratory pollinator whose
migration phenomenon is in jeopardy. The state of Nebraska lies within their migratory path and
is therefore important to the species survival.
Because biodiversity is critical to the health of the planet, finding ways to preserve
species, including insects, is essential. This thesis project will examine current literature about
the effects of land use in Nebraska on insect biodiversity and eastern monarch populations. It
will compare temporal land use change in Nebraska with biodiversity decline, as well as identify
strategies/solutions and recommendations for change. How are Nebraska land use decisions
affecting eastern monarch butterfly decline? What are the driving factors causing monarch
decline? What are the challenges of insect monitoring and data organizing? The purpose of this
exploratory research project is to investigate these questions and simultaneously illustrate the
3

importance of insect biodiversity, focusing largely on the monarch butterfly. My hypothesis was
that monarch populations are declining because of the combined impacts of land use changes,
agrochemicals, milkweed loss, and climate change.
Methods:
The method employed by this study is a qualitative literature review. The process began
with a concept map and learning how to conduct a literature review. Concept maps are tools for
formulating research topics. Personal experience and interests guided this first step. The first
literature review process was conducted to create the research question. This resulted in many
detours and false starts until landing on an exploratory designed project related to land use and
monarch butterflies. In the development phase the following questions were formulated:
1. What is causing pollinator decline?
2. How does land use effect insect biodiversity?
3. What environmental factors have the biggest impact on monarch decline?
4. What are the connections between monarch and land use in Nebraska?
Initially, a two-part research methodology was chosen. One being a systematic literature
review and the other being a quantitative analysis of Dr. Tom Weissling’s five-year data set.
Attempting the data analysis exposed many insurmountable challenges that will be addressed in
the discussion, so this part of the methodology was decided against. Included in the results
section are figures of this data that was examined but not quantitatively assessed. It was then
determined that a qualitative, non- empirical research method would be employed. The process
was guided by a five-step systematic literature review. The five steps are as follows:
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Step 1: Frame the question. This step began in September 2020, with the goal of defining
the direction of the project. Framing a research question is more challenging than it sounds and is
not a linear process but essential for research. Google Scholar was the first database searched
with the search string of “what is causing pollinator decline” which produced 25,900 results. The
scope of this search was too broad, but it was successful in leading the project forward. From
here key search terms used to formulate more specificity in the research question were “monarch
butterfly”, “milkweed”, “insect biodiversity”, “species decline”, “Nebraska land use”, “urban
habitat”, “genetically modified crops”, “pesticides”, and “conservation”. Many iterations and
combinations of these terms were explored until the final question of “what are the effects of
land use in Nebraska on insect biodiversity and eastern monarch populations” was framed.
Step 2: Identify the relevant work surrounding the topic. This step involved utilizing
UNL’s library resources. The main databases used in this project were Google Scholar, Green
File, Science Direct, Scopus, Springer Link, and Wiley Online. Abstracts and conclusions were
skimmed to weed out irrelevant work and to log the articles that were being used. Many hours
were spent finding applicable peer reviewed articles.
Step 3: Assess the quality of the studies included in the literature review. The studies
chosen in this literature review passed quality assessment criteria.
Step 4: Summarize the evidence in a concise manner and prepare for the analysis and the
results. A literature matrix was used to keep track of search history, summaries, and citations.
This matrix made it easier to stay organized.
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Step 5: Interpret the findings. This was the most difficult part of the project. In this step
the selected articles were organized, synthesized, and presented in the main body of the literature
review and results section.
Dr. Tom Weissling graciously agreed to share his data for this project. This impressive
five-year data set covers the whole state of Nebraska. The data was collected for Milkweed
Watch, a citizen scientist collaboration with four goals: 1. Determine what animal species use
milkweed plants. 2. Determine the diversity and distribution of milkweed plants in Nebraska. 3.
Update the diversity and distribution records of Red Milkweed Beetles (Tetraopes) in Nebraska.
4. Promote awareness about and improve attitudes towards milkweeds and other wild plants.
Since milkweed species are the monarchs sole larval host plant Dr. Weissling’s data fit into this
project. The goal was to overlay cropland data layers on these data coordinates to see what
statistical analysis could be run.
The first step taken was to upload Microsoft Excel spreadsheet data to Google Maps.
Five layers of coordinates were created, and this produced the first visual for the project (Figure
1). With the goal of trying to analyze this data it was learned that QGIS is the preferred system
for quantifying data whereas Google Maps is best for conducting qualitative analysis with high
accessibility. QGIS is a geographic information system software suite used for geospatial data
management and analysis, image processing, producing graphics and maps, spatial and temporal
modeling, and visualizing. It can handle raster, topological vector, image processing, and graphic
data. Though this program is free, it still presented challenges due to the learning curve of robust
software systems and the necessary cleanup of the data sets.
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Figure 1: First visual of Weissling’s milkweed data set created in Google Maps.
Step two of this process included choosing two of the five data years for cleanup. 2018
and 2019 were chosen because these sets required the least manipulations. To import global
positioning system (GPS) coordinates into QGIS they must come from a comma separated value
(CSV) file containing three columns: site, latitude, and longitude. The 2018 and 2019 data sets
were first organized and then imported to QGIS 3.18.0 with GRASS 7.8.5. Next a raster layer
downloaded from https://nassgeodata.gmu.edu/CropScape/ was uploaded to the QGIS project.
Using various actions, data is compiled into a single CSV file which can then be run for
statistical analysis. Since this project was time-limited, such statistical data analysis was not
undertaken but could be in the future.
Literature Review:
Insects are a diverse group of organisms that provide critical ecosystem services but have
been declining rapidly over the past fifty years. Maintaining insect biodiversity is critical for a
myriad of reasons. Yang explains in Insects as Drivers of Ecosystem Processes that insects play
7

an important role in ecosystem cycling (2014). Insects transform plant inputs, accelerate
decomposition, transform biomass, and consume other insect pests. In addition to these
important functions, they also play a major role in the planetary food web. Insects pollinate crops
and other plant species, while ants disperse seeds in food systems. They assist with carbon
sequestration in soil by breaking down organic matter, and some insects also help filter water.
Cardoso et al. (2020) believe that studying the interconnections of insect, plant, and soil
ecologies will bring further insight to how carbon and nutrients flow through earth systems. A
study reported in Ecosystem Services Provided by Insects for Achieving Sustainable
Development Goals states that the ecological services provided by insects is estimated to be
worth at least $57 billion annually.
The monarch butterfly migration dates back one million years and is unique in that it is
the only migration that involves multiple generations to complete. The eastern monarch
population extends from the Rocky Mountains to the east coast of the United States. In the
spring, monarchs that have overwintered in Michoacán Mexico head north to Texas to find
milkweed and lay eggs (Saunders, 2018). The subsequent generation of monarchs flies further
north and repeats the process. This process of finding milkweed and laying eggs continues
throughout summer. Nebraska is located within the monarch migration flyway; therefore,
Nebraska milkweed and nectar sources need to be abundant. The fourth or fifth generation in the
monarch migration cycle are born furthest north and begin with the monarch larva innately
responding to shorter days, decreased temperatures, and host plants entering dormancy. This
response is passed on to the emerging butterflies who now innately know to suppress their
hormones and begin the journey south back to Mexico (Reppert, 2018). Figure 2 below
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illustrates the general monarch migration route, breeding grounds, and seasonal direction of the
monarch.

Figure 2: Eastern monarch migration pattern. This map was retrieved from
https://repprovisions.com/blogs/rep-provisions-blog/the-monarch-butterfly-a-migration-in-peril.

This migratory monarch generation has superb built-in navigational tools needed to travel
thousands of miles to a Mexican forest they have never been to before. The suppression of
hormones allows this generation to survive long enough to travel south, overwinter, and then
9

migrate back north. This generation lives up to eight months whereas other generations only live
around one month. The migratory monarchs possess time-compensated sun compass systems,
which have intrigued many scientists and led to numerous studies exploring navigation systems
(Reppert, 2018). The monarch butterfly migration has also inspired the development of a swarm
intelligence algorithm made for solving global computing issues in the computer science world
(Feng, 2020). It is remarkable what a creature weighing less than a gram and having a wingspan
of 3-4 inches can accomplish and inspire. Finding meaning and importance in one species like
the monarch can help bridge awareness to other less embraced species. Samways et al. (2020)
explain that insect conservation depends on iconic and flagship species for improving awareness
and prompting action.
While controlling weeds and invasive species is important, the fate of our planet depends
on protecting biodiversity and the natural resources that make healthy living sustainable.
Sometimes one must protect the weed, like milkweed, if there is a creature depending on them.
Milkweed is a common native wild plant of Nebraska. Monarchs are specialty feeders that carry
out complete metamorphosis, in four separate phases. They only lay eggs on milkweed species
and these plants are the only ones that monarchs can eat in their larval stage. There are many
milkweeds that grow in the United States but only twelve milkweed (Asclepias) species are
native (nwf.org, 2015). Common Milkweed (Asclepias syriaca), Butterflyweed (Asclepias
tuberosa), Swamp Milkweed (Asclepias incarnata), Antelope-horns Milkweed (Asclepias
asperula), Purple Milkweed (Asclepias purpurascens), Showy Milkweed (Asclepias speciosa),
Whorled Milkweed (Asclepias verticillata), Green Milkweed (Asclepias viridis), are the types of
milkweed that grow in Nebraska. In southeast Nebraska, Common Milkweed (Asclepias
syriaca), Butterfly Milkweed (Asclepias tuberosa), and Swamp Milkweed (Asclepias incarnata)
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are the most widely available and recommended for planting in pollinator habitats in southeast
Nebraska. Nebraska is in a position to provide an abundance of milkweed for the monarch.
Humans generally appreciate beautiful insects like butterflies. In the U.S., the monarch
butterfly is familiar on some level to most people, and it is the most extensively monitored insect
species in the world. According to Grant et al. the eastern population of the monarch butterfly
has declined 80% over the last two decades (see Figure 3 below). Flockhart et al. (2014) explain
that there are three hypotheses about the cause for monarch decline: habitat loss in Mexican
wintering grounds, habitat loss in U.S. and Canadian summer breeding grounds, and extreme
weather events/climate change. Yet other scientists believe that monarch decline is due to
migration mortality, and that more data collected during spring and fall migrations is needed to
determine where loss is occurring. Monarch larvae are also highly susceptible to parasitism.
Model predictions of one study show that summer reproductive success in the corn belt has a key
impact on eastern monarch populations because they make up a large portion of the overall
eastern monarch population that overwinters in Mexico (Flockhart et al 2014).
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Figure 3: Data from 1994-2003 were collected by personnel of the Monarch Butterfly Biosphere
Reserve (MBBR) of the National Commission of Protected Natural Areas (CONANP) in
Mexico. Data from 2004-2020 were collected by the WWF-Telcel Alliance, in coordination with
the Directorate of the MBBR. 2000-01 population number as reported by Garcia-Serrano et. al
(The Monarch Butterfly: Biology and Conservation, 2004). Image retrieved from
monarchjointventure.org.

Agricultural trends and large-scale land use changes throughout the Great Plains and
Midwest have had impacts on ecological systems. Nebraska land use has influences on
monarchs’ summer generation reproductive success and fall migratory generation nectar sources
and has itself been affected by farm policies and programs that promote the adoption of growing
specific crops. Nebraska land use has also been susceptible to pressures for renewable energy
like solar, wind, and growing corn for ethanol. Crop diversity has decreased dramatically
nationwide and most of Nebraska’s cropland is now dominated by corn and soybeans (Hiller et
al. 2009). Due to the massive conversion to row crop agriculture in the Great Plains and Midwest
only a minute percentage of historic tallgrass prairie remains. The loss and fragmentation of
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grassland ecosystems has had impacts on butterfly communities (Farhat et al. 2014). The Farhat
et al. study utilized butterfly surveys conducted in Iowa. What they found was that the butterflies
of conservation concern were found in greater quantity in areas with higher diversity and
abundance of forbs. The challenge is that what limited land is left consists of marginal habitats.
These habitats can be impacted by adjacent agroecosystems where agrochemicals have a direct
effect on plant and insect communities (Farhat et al. 2014). Milkweed loss due to chemical use
on herbicide-resistant crops in the corn belt translates to less monarch reproductive success in the
summer breeding grounds.
Globally, three billion kg of pesticides are used in agriculture every year. More research
is needed to evaluate the effects of bioaccumulation, or increase in concentration, as the active
chemical components move up the food chain, and how combinations of pesticide exposures
affect insects (Grant et al. 2018). But as Sharma et al. (2020) explain in their detailed review,
there are many dangers that are already known about land, air, and water exposure to pesticides
and alternative solutions already exist. They explain that many biopesticides are available and
that these have minimal negative impacts on surrounding ecosystems. This kind of shift in
agrochemical use could reduce pesticide exposure toward monarchs, other insect populations, as
well as to humans and the planet at large. Figure 4 below was produced with data downloaded
from CropScape pertaining to land use type and acre amount in Nebraska for the individual years
of 2005 and 2020. These years were chosen because 2005 was the first year of data available for
cropland data layers and 2020 was the most recent. The biggest changes observed when
comparing these two years, is the increase in corn acres, development acres, and wetlands. The
only decrease was in grasslands and according to Audubon Nebraska only four percent of
Tallgrass prairie in the United States remains.
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Figure 4: Comparison of seven land use type acres in 2005 and 2020. Data was downloaded from
USDA National Agriculture Statistics Service and charted in Microsoft Excel.

Land use change is affecting biodiversity globally. Loss of crop/plant diversity and
habitat fragmentation are results of land use changes and have consequences for Earth’s food
webs. Plant and insect intersections are the beginning of these food webs. Vanbergen states that
“low connectivity between habitat remnants is likely to reduce population sizes and increase
extinction likelihoods of pollinators that are poor dispersers or habitat specialists” (Vanbergen,
2013). The monarch would qualify here because of its larval stage relying on milkweed. If a
national pollinator habitat mandate existed, a minimum requirement of buffer strips added to
agroecosystems could be implemented to help reduce habitat fragmentation. Buffer strips have
been shown to reduce crop pests by sustaining beneficial insect populations, reducing runoff

14

pollution, and conserving soil (McConnell, 2014). Habitat fragmentation has led to decreased
biodiversity among most kingdoms of life, and grassland birds have the largest decline among
birds by habitat type. According to Rosenberg et al. (2019), “loss of bird abundance signals an
urgent need to address threats to avert future avifaunal collapse and associated loss of ecosystem
integrity, function, and services.” They also attribute grassland bird decline to habitat loss and
agrochemicals via the cascading affects that come with insect biodiversity and biomass loss.
Simply put, there isn’t enough food or space for grassland birds.
Most of the corn planted in the United States today is Roundup Ready Corn. It is a corn
variety that was bred to be glyphosate (Roundup)-resistant. This means that the crop fields can
be heavily sprayed with glyphosate, killing all other plants but without killing the corn. This
means killing plants that monarchs lay eggs on or get nectar from like milkweed, goldenrod,
sunflower, and thistle. Adopting herbicide-tolerant GM crops is mainly motivated by labor
saving properties regarding weed control. Jacobsen et al. found that GM crops have been adopted
faster than any other agricultural technology since the plow 8,000 years ago. Figure 5 below
shows this fast and dramatic trend for adopting GM crops. As discussed in “Feeding the World”
there are pros and cons to GM crops, but one cannot ignore the fact that 70% of this plant gene
technology is controlled by Monsanto, Dupont, and Syngenta. This company trio has been under
criticism for market manipulation and monopolization in India and other countries (Jacobsen,
2013). Economically, Jacobsen et al. (2013) investigate the difference in input costs for GM
crops vs. non-GM crops, higher GM seed prices compared to non-GM seeds, the increase in
secondary pests, as well as the economic impact of environmental degradation and biodiversity
loss due to Roundup Ready crops. Tradeoffs for short term and unsustainable food production
could mean sacrificing natural phenomena like the monarch migration. The authors provide a
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good argument for why GM crops are not the answer for feeding the world, nor a realistic way to
reach sustainability goals. They argue that the continued development of GM technology is
driven by corporate interests and not by demand or science. Not only do GM crops reduce
nutritional value of food, but they also lead to dangerous loss of biodiversity. Jacobsen et al.’s
(2013) suggestion is to implement a shift in agricultural research. Instead of focusing solely on
gene research, they recommend a holistic research approach that includes changes in land
management and studying plant/insect/soil interactions, boldly stating that “agricultural
sustainability is no longer optional but mandatory.” GM crop research involving effects on the
environment and biodiversity needs improvement.

Figure 5: Percentage of planted acres of genetically modified crops from 1996-2020
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Agriculture and conservation have a complicated and interconnected relationship. As
Sharma and Reddy illustrate in “Multidimensional Relationships of Herbicides with Insect-Crop
Food Webs,” herbicide use has performed well for increasing crop yields. With the use of
herbicides, tillage can be eliminated, which conserves soil health, and crops can be planted
earlier. The negative tradeoffs for using pesticides and glyphosate-resistant crops are their effects
on biodiversity and environmental quality. Van Bruggen et al. (2018) believe that problems with
intensive and large-scale use of glyphosate (and other herbicides in the future) are much farther
reaching than originally anticipated by the EPA. Three common herbicides, glyphosate
(Roundup), 2,4-D, and Dicamba are known to drift and have damaging properties affecting
nearby habitats. 2, 4-D and Dicamba also volatilize, which means that those compounds turn to
vapor and can travel farther than droplet drift (Egan et al. 2014). In 2017, Missouri and
Arkansas banned Dicamba because of large scale damage to outlying farms due to its vaporizing
habit. Sharma and Reddy explore the need for further study on the impacts of drift on insect
populations. They found in their field studies that herbicides had a greater adverse effect on
insects than insecticides. Tracy et al. (2019) found in their modelling study that 75% of
glyphosate and neonicotinoid insecticide usage occurs in nineteen states. Within the North
Central Flyway, 75% of Iowa and Illinois have high usage and 50% of Indiana, Nebraska, and
North Dakota have high usage. Figure 6 below shows estimated use for glyphosate in the United
States. This map shows that the Midwest corn belt region has the greatest pounds of glyphosate
used per square mile. Figure 7 shows Nebraska pesticide usage from 1992-2016, with the most
used pesticides being Glyphosate and Atrazine. Nebraska used 129.1 pounds per 100 acres of
planted corn crops in 2016: up from .66 pounds per 100 acres of planted corn crops in 2006
(Demsey, 2019). Are roadside and other conservation habitats effective if they are surrounded by
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intensive conventional agricultural? A pilot field study by Main et al. (2020) found that wild bees
and butterflies were exposed to a wide range of chemicals even on conservation lands due to the
many environmental paths that pesticide exposure can occur. Sharma et al. suggest that to protect
beneficial insect populations there should be a focus on timing of application and a shift to using
current bio-herbicides, which are combinations of phytotoxins, pathogens, and other microbes
used as alternative weed control.

Figure 6: This map shows the estimated glyphosate use in the United States in 2017. This is the
most current map available. This map was retrieved of https://water.usgs.gov
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Figure 7: This graphic made by Ramiro Fernando shows Nebraska pesticide usage from 19922016. Retrieved from https://investigatemidwest.org.

Common Milkweed has long been viewed as a weed to many farmers and gardeners. It
grows readily because of the sheer numbers of seeds that take flight and because it is not particular
about soil quality or moisture. Pleasants and Oberhauser (2013) found that milkweeds in the Midwest
declined 58% from 1999 to 2010 and was congruent with an 81% decline in the Midwestern monarch
population. Their study also found that Monarch production in the Midwest each year was positively

correlated with the size of the subsequent overwintering population in Mexico. Their study
obtained data from several sources which contained milkweed density census from 1999 to 2009
in non-agricultural and agricultural habitats. After running their statistical analysis, they had
estimates of milkweed growing in both non-agricultural habitats and agricultural habitats and
total milkweed in Iowa. This analysis revealed an 81% milkweed decline for agricultural area
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milkweeds and a 31% milkweed decline in non-agricultural habitats over the decade studied.
Pleasants and Oberhauser (2013) strongly suggest that this loss of milkweed in agricultural
habitats is congruent with the increased use of glyphosate and the increased planting of GM corn
and soy.
Another study cited in Pleasants and Oberhauser (2013) was done in 2001 by Oberhauser
and colleagues which focused on milkweed densities before the introduction of glyphosate
resistant soybeans and after. This study found no milkweeds after the adoption of GM soybeans
and therefore a reduction in monarch egg densities. Pleasants and Oberhauser emphasize the
importance of conservation reserve program (CRP) habitats because of the loss of agricultural
milkweed. CRP habitats are part of the United States Farm Bill and incentives for farmers to
adopt them fluctuates depending on this bill. At the time of the Pleasants and Oberhauser study,
CRP land was on the decline. Adding forbs including milkweeds to the CRP seed mixes is a way
to provide plant nectar sources and larval host plants for monarchs (Pleasants and Oberhauser,
2013). CRP habitats provide much more than just places for insects, these areas are popular with
hunters too.
CRP enrollment can be a general or a continuous contract. The current Farm Bill has a set
number of CRP acres per state which creates competition for securing a general CRP contract.
Nebraska currently has 5.4 million CRP acres expiring September 2021 compared to only
195,000 acres expiring in 2020 (https://www.nrcs.usda.gov). To increase monarch populations
past the tipping point of extinction it is estimated that 1.3–1.6 billion additional milkweed stems
need to be added to the U.S. Midwest (Grant et al., 2018). With this amount of Nebraska CRP
land expiring and the rate of urban development this addition of milkweed plants seems unlikely
unless trends in land use shift. The current number of Common Milkweed stems in the Midwest
20

is estimated to be approximately 1.3 billion, the majority of which is in publicly owned
grasslands, land enrolled in conservation like CRP, and roadsides that are maintained by state or
private agencies (Grant et al., 2018).
In “Feeling the Sting…,” Durant and Otto identify policies and land management
practices that have had negative impacts for wild pollinators over the last fifteen years. In their
research they show how political and economic factors such as agricultural policies and crop
insurance programs influence land use management decisions. Durant and Otto (2019) found that
the Renewable Fuel Standard (RFS) which first appeared in the 2005 Energy Policy Act and then
under the 2007 Energy Independence and Security Act has been the most influential of these
factors regarding land use change. High commodity prices from 2008-2013 drove many farmers
to convert their CRP habitats to row crops, much of that being corn for ethanol production.
Following the significant impact of the RFS, the 2014 Farm Bill that reduced the CRP
enrollment cap from 32 million acres to 24 million acres. With growing demands for food, fuel,
and fiber; policy and economics will be under increasing pressures to balance food supply,
conservation, biodiversity, and natural resource sustainability (Durant, 2019). As Hall and
Martins state in “Human Dimensions of Insect Pollinator Conservation,” “Through food, the
flourishing of human and pollinator populations is firmly intertwined.” They also recommend
that farmers get paid for experimenting with and implementing insect pollinator conservation
without personal financial risk until these practices become normalized (2020). If we could pay
farmers to grow more native flowers and grasses instead of a surplus of corn and soy, maybe
they would enjoy it and tell their friends too. Somehow policy and public insect appreciation
need to influence farmers to adopt these practices.
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If one were to go looking for pollinator policy in Nebraska, you might be led to the 2019
article “Insect Pollinator Conservation Policy Innovations at Subnational Levels: Lessons for
Lawmakers”. This is where Hall and Steiner have compiled a list of pollinator-relevant polices
passed by state legislatures from 2000 to 2017. Of the 110 new laws passed, Nebraska had only
two. LB835, 2004, "An Act relating to agriculture; to amend sections… to change and eliminate
provisions of the Nebraska Apiculture Act (Apiculture) 3/2004" and LB274, 2005 "An Act
relating to motor vehicles" (Apiculture) 4/2005. Compared to other states the Nebraska
legislature has done little to influence farmer or public perceptions about pollinator awareness.
Historically, agricultural laws indiscriminately lumped pollinators with all “bugs,” even crop
pests. That changed in 2000 when legislation caught up and agreed that not all insects are bad.
This is when integrated pest management (IPM) became effective in agricultural policy. IPM is
an approach to pest control that uses regular monitoring to determine when treatments are
needed. This system employs physical, mechanical, cultural, and biological tactics to keep pest
numbers low enough to prevent intolerable damage or annoyance. Least-toxic chemical controls
are used as a last resort. In response to this new perspective of insects many states departments of
agriculture revised pesticide use, application, and disposal rules, pesticide training, licensing, and
oversight programs attentive to bees and insect pollinators as beneficial insects. Nebraska was
not on Hall and Steiner’s list and remains behind in joining the rest of the country in creating
policy to protect pollinators. In fact, Nebraska is only mentioned once in this article and it is the
listing above that pertains to managed bees.

Even though Nebraska doesn’t have official state policy, citizens are putting forth efforts
to help pollinators and monarchs. The Nebraska Monarch and Pollinator Initiative was officially
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formed in 2016 with around a hundred individuals who began to build a comprehensive and
dynamic plan for protecting Nebraska’s pollinators. This initiative was formed in response to the
Obama administration’s creation of the National Pollinator Health Task Force in 2014, which is
a federal pollinator memorandum that set goals and initiatives to improve pollinator habitat
(Panella, 2017). A memorandum is not a bill or executive order, so is still a cautious approach
for making real strides in insect conservation and national land use decisions. Out of the
Nebraska Monarch and Pollinator Initiative goals came the creation of large-scale public/private
partnerships to take habitat conservation action for Nebraska’s pollinators. Nebraska Game and
Parks along with fifty-four other entities, form the Nebraska Monarch and Pollinator
Conservation Team. Its efforts are geared towards achieving the goals listed in the “Conservation
Strategy for Monarchs (Danaus plexippus) and At-Risk Pollinators in Nebraska” (2017).

Along with policy lag, among other states, Nebraska is lacking a unified approach for
collecting monarch monitoring data. Some question the efficacy of using monitoring data in
conservation guidance because of the many protocols. Obtaining data to run a variety of different
statistical evaluations is difficult when a standardized protocol doesn’t exist. Pleasants &
Oberhauser talk about how, even though the monarch butterfly is a well-studied species there is
too much variability in the data that has been collected to be of significant use. The authors of
“Feeling the Sting?” express similar concerns regarding wild bees and the lack of a national and
standardized protocol for data collection. They argue that these types of protocols exist for
vertebrate wildlife on the national scale but not for insects. Effective monitoring will track insect
populations through time and can then help determine if goals are being achieved. Evaluating the
magnitude of declines requires effective long-term monitoring of population sizes and trends,
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data that are rarely available for most taxa (Rosenberg, 2019). Enter precision conservation.
McConnell and Burger, Jr. suggest employing precision agriculture technology and method to
achieve conservation goals. This translates to precision conservation being “a set of spatial
technologies and procedures linked to mapped variables directed to implement conservation
management practices that take into account spatial and temporal variability across natural and
agricultural systems” (McConnell and Burger, 2014). Standardized protocol challenges are many
with the monarch butterfly because of its multi-generational nature, the lack of a national
monitoring program, and the numerous possible environmental factors that are present. Caraveau
et al. (2019) present an integrated monarch monitoring program (IMMP) that “weaves new
protocols together with those from existing monitoring programs to improve data compatibility
for assessing milkweed (Asclepias spp.) density, nectar resources, monarch reproduction and
survival, and adult monarch habitat use.” If one does a google search for “standardized monarch
monitoring protocol,” there are three million results but not one of them is a singular
standardized protocol. The closest things to standardization are the “IMMP” and a handbook
from 2009 called “Monarch Butterfly Monitoring in North America: Overview of Initiatives and
Protocols”. Knowing why monarch monitoring is difficult to analyze puts in perspective why it
is so hard to pinpoint the biggest environmental factor for monarch decline. But like Vanbergen
et al. (2013) have asserted “there is no single, overriding cause of pollinator declines. Land-use
intensification (and its concomitant impacts) and disease have long driven pollinator losses.”
This doesn’t change the fact that land use decisions in Nebraska are important for monarch
populations and insect biodiversity in general.
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In Flockhart’s latest study, which focused on monarch natal origins, they discovered that
monarch numbers from the Midwest region did not vary systematically over the past four
decades. The proportion of monarchs arriving in Mexico every fall is largest from this area, but
Flockhart et al. (2017) warns that monarchs arising from this area alone cannot ensure population
resilience in the face of land use change all over the monarch migration flyway, habitat loss in
Mexico, and other challenges like climate change. Climate change is real and a product of human
activity. It affects everything on this planet. It affects migratory species by geographically
shifting plant and insect communities and making them susceptible to decline and extinction.
Plant and pollinator synchronicity can also be disrupted by climate change. The overwintering
monarch depends on a signal to migrate north with innate knowledge that there will be milkweed
waiting for them when they arrive. Reppert et al. (2018) found that the northward monarchs’
compass directionality relied on a three-week cold period before migration can begin. Their
study communicated the coevolution between milkweed cold vernalization (the process where a
period of cold exposure induces a plant's flowering growth period) in southern U.S and monarch
compass cold exposure calibration in Mexico. If this timing gets altered too drastically by
climate change, that will be the end of the monarch. In “Threats to an Ecosystem Service:
Pressures on Pollinators”, Vanbergen et al. (2013) introduce the threat of climate change to
pollinators by way of the increasing numbers of plants, pollinators, pests, and pathogens that are
being translocated. This type of mass migration of species into new habitats has consequences
for competition of natural resources and space.
Knowledge and guidelines already exist for pollinator conservation and many actions are
taking place. A well-acknowledged assessment on pollinator health is the “Ten Policies for
Pollinators” (Dicks et al. (2016). The first Intergovernmental Science-Policy Platform on
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Biodiversity and Ecosystem Services (IPBES) conference occurred in 2016 and evaluated the
state of knowledge about pollinators and pollination. As a result of this assessment, Dicks et al.
(2019) constructed “The Ten Policies for Pollinators.” These are the ten policy suggestions
considered most likely to succeed for securing pollination services and insect biodiversity. The
three categories used to organize the suggested policies are risk assessment, sustainable
agriculture and lastly biodiversity and ecosystem services. First, the risk reduction category of
policies prioritizes international pesticide regulation and risk assessments, capitalization of
integrated pest management (IPM), improving GM organism risk assessment, and addressing
invasive species. Secondly, the sustainable agriculture category promotes ecological
intensification of agriculture and support for diversified farming systems. Third, in the
biodiversity and ecosystem services category the policy suggested is to safeguard minimal
habitat standards for all productive landscapes. The last category is increasing knowledge which
entails long-term, widespread monitoring of pollinators, and funding participatory research
involving how to improve agricultural yields in ecologically intensified, diversified, and organic
farming systems that support pollinators (Dicks et al., 2019).
According to Hall and Martins, four of the ten policy targets named by Dicks et al. (2019)
remain unaddressed. They found that US state legislatures have yet to advance diversified
farming systems, enforce assessment of GM crop risks, incentivize alternatives to agrochemicals,
or promote IPM systems (Hall and Martins, 2020). Dangles et al. (2019) synchronously believe
that shifting academic insect research towards solutions for sustainable development goals can
help bring a wider group of stakeholders together and build a better bridge between academia
and society. This further diverse group can address additional issues surrounding declining insect
populations. They suggest priority focus on employing insects for biological control against crop
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pests, using insects as bioinspiration in engineering, and seeing insects as a food source for the
rising global population and to build economies. Sponsler et al. (2019) report that within
socioeconomic, toxicological, and ecological dimensions of pollinator loss and pesticides there
are gaps between stakeholders and regulators, data and theory, and communication and practice.
These missing links are preventing the application of pesticide-pollinator research to support
decisions and therefore many decisions aren’t being made.

Results for QGIS:

Figures 8, Figure 9, Figure 10, and Figure 11 are the resulting images from attempting QGIS for
analyzing Weissling’s data. Creating the buffer layers was as far as the project progressed in
QGIS. Further assistance and time are needed for moving forward in the QGIS process.

Figure 8: Dark yellow in map is corn and green are soybean. Purple dots are coordinates from
Weissling’s 2019 milkweed csv data file uploaded to QGIS with 2019 cropland raster layer.
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Figure 9: Purple dots are coordinates from Weissling’s 2019 milkweed csv data file
uploaded to QGIS with 2019 cropland raster layer. 2000 m buffer in light green.

Figure10: Purple 2019 with addition of red 2018 csv delimited file.
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Figure 11: 2019 and 2018 layers with buffers in QGIS.

Discussion:
This project aimed to explore monarch butterfly decline, decreasing insect biodiversity,
and Nebraska’s importance around these issues. Through the investigation of literature, it was
found that the reasons for monarch decline are numerous, so the project’s hypothesis was
supported by the literature review. It was commonly stated throughout the literature reviewed
that monarch decline is not due to just one factor. Monarchs are susceptible to changes in land,
climate, and plant resources because they are specialist species. Without milkweed, this iconic
migratory species will perish. Reduced abundance and extinctions of invertebrates have
ecological and evolutionary impacts for plants, food webs, and ecosystem health. The project’s
exploratory research revealed that land use decisions regardless of geographic location are the
main reason for biodiversity loss. It was found that Nebraska land use decisions play a huge role
in insect biodiversity and monarch butterfly abundance because of its location in the eastern
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monarch flyway. Throughout the body of literature reviewed, it was in agreement that land use
decisions everywhere are affecting all earth systems. According to Sanchez-Bayo and Wyckhuys
(2019), habitat loss is the number one driver for insect biodiversity decline, followed by
agrochemical pollution. What this illustrates is the importance for conserving wild land and
adopting a food system that doesn’t rely on chemicals yet can still provide habitat for insects,
wildlife, and food for a growing human population. It also illustrates the dire need for national
and global policy to control development and land use change. Afterall, there is only one planet
and humans cannot create new land but only transform it.
Through this research project it was discovered that few Nebraska-focused studies
regarding monarch populations have been completed or published, but work is being undertaken
by interested parties in Nebraska. Despite lacking studies and policy, The Nebraska Monarch and
Pollinator Initiative and Nebraska Monarch and Pollinator Conservation Team are taking action
to protect Nebraska pollinators, just not with the intensity that this paper suggests needs to be
taken. For intensive pollinator conservation to occur in Nebraska, a federal policy would need to
be implemented to make pollinator habitat conservation mandatory instead of voluntary. Lack of
federal policy and funding is an issue for all conservation action, and as explained in
“Knowledge That Is Actionable by Whom? Underlying Models of Organized Action for
Conservation,” there is an ever-present lack of translation from knowing something to doing it
and the awareness of who is responsible for the doing (Mermet, 2018). It is good to discover that
despite these limitations, efforts are being made statewide in Nebraska.
This research project began as an examination of Nebraska land use and the monarch
butterfly and moved towards a vast body of literature related to agrochemical use.
Agrochemicals play a pivotal role in environmental conversations today. There are growing
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health concerns regarding agricultural chemicals that are accumulating in our water, soil, and
human bodies. Human disease and loss of biodiversity can be linked to exposure to these
chemicals, but it is difficult to hold farmers or pesticide manufacturers accountable for pollution
and losses. Non-point source pollution is hard to quantify and pesticide information for specific
farms either isn’t required or easily accessible by the public. This project’s review of the relevant
literature shows that the benefits of using agrochemical use does not outweigh the costs. The
only real winners in the intensive agrochemical equation are a handful of pesticide
manufacturers, big agribusiness, and possibly a few global political leaders. Critical costs
stemming from habitat loss and intensive agrochemical use are the loss of 40% of the planet’s
insects, three billion birds, and a threatened iconic butterfly’s existence. These losses should not
continue because of chemical reliance. Solutions for slowing down biodiversity loss already exist
but are slow to be adopted on a large scale and or applied effectively. Diversified farming
worked in the past and can work in the future. Along with a shift in cropping system decisions,
Sponsler et al. (2019) believe that the integrated pest management (IPM) model can help balance
many of the conflicts between pollinators, agriculture, and people. This literature review found
consensus among articles that the application of the IPM model can decrease agrochemical use.
In this research it was found that monarch monitoring protocol was not standardized and
often data is not easy to utilize. The importance of geographic information system (GIS)
technology skills is essential for analyzing data sets. The lack of this skill set limited this project.
Complex problems like the plight of monarchs require superb communication and organization
skills, policies, and large-scale efforts. It was shown that communication gaps between
stakeholders, public/private partners, researchers, and monitors create data and application
challenges. Is the right data being collected and is there a way to standardize what is being

31

collected and how it is logged? Many disciplines are utilizing GIS and interactive web
applications to manage and monitor different types of environments today. This technology has
the potential to predict future “hot spots” for environmental problems which can help reduce
cascading impacts. McConnell and Burger (2014) write that knowing spatially the ideal places
for buffers within an agroecosystem can not only provide benefits to insects but maximize a
farmer’s profitability. Visualizing through technology is one example of a conservation solution
that can assist pollinator and monarch butterfly conservation and smart land use decisions.

Conclusion:
This research project explored the effects of Nebraska land use on eastern monarch
population and insect biodiversity. The goal was to discover the driving forces behind monarch
decline. Limitations with this project were a lack of skills for utilizing QGIS software, time
constraints, and challenges staying within research question boundaries. The resulting thesis
became broader than intended but still accomplished the goal. Monarch extinction may not affect
humans directly in a physical sense but to lose an iconic insect in real time has an emotional
impact. Urban citizens in the corn belt and nationwide are putting forth great effort in planting
pollinator gardens with the various milkweed species that serve as monarch larval host plants.
This is an act of caring for the environment and a statement acknowledging the importance of
insects. There is an emotional investment when one plants a pollinator garden. While these
plantings are useful for alleviating defragmentation of pollinator habitats, Flockhart et al.
question whether these efforts are enough to offset habitat loss and pesticide exposure from
intensive agriculture (2014). Are efforts in the corn belt of North America enough, when illegal
logging continues in the wintering grounds of Mexico? Insect biodiversity and monarch
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butterflies are important, but agriculture is necessary to feed the world. Somehow a balance
between population growth, agriculture, development and the preservation of the monarch and its
natural ecosystem must be found.
Insect conservation involves all earth systems. While making conservation decisions, it is
important to remember to look at the many parts of the whole picture. The permaculture
approach to conservation is that each organism performs many functions, and each function is
supported by many organisms. This system uses conservation methods that build resilience in an
interconnected system (Rhodes, 2017). The topic of land use, chemical use, and insect
biodiversity is a societal issue because if the planet is going to remain habitable, we will need to
work together in shifting agricultural methods, land management practices, and human behavior
to build a better and sustainable future. Nebraska land use matters to eastern monarchs and insect
biodiversity. There are many things that groups in Nebraska and other Great Plains and Midwest
states are doing to help pollinators, but federal and state legislature should do better to protect
this land and this important cause.
This project provides further awareness of monarch butterflies, the importance of
contemplative land use, and affirms the interconnectedness of humans, agriculture, and insects.
More research is needed to determine what monitoring protocol is most useful for data analysis
and how best to create a national monitoring program for monarchs, wild bees, and insects in
general. Since there are many driving factors for declining monarch populations there are many
solutions to engage in for saving the monarch. Efforts in every part of their migration path will
be critical to preserve the species. Today people increasingly care about bees, monarchs, and
insects and are concerned with their survival, so there is still potential to save the monarch and
its countless insect friends.
33

Acknowledgements:
I want to thank Dr. Tom Weissling for sharing his data and providing support throughout the
project. And a special thanks to Emily Levine for her brilliant editing skills, patience, and
wonderful emotional support during this project.

References Cited:
Audubon Nebraska Working Lands (2020) https://ne.audubon.org/conservation/working-lands.
Cardoso, P., Barton, P. S., Birkhofer, K., Chichorro, F., Deacon, C., Fartmann, T., & Samways,
M. J. (2020). Scientists' warning to humanity on insect extinctions. Biological
Conservation, 242, 108426. https://doi.org/10.1016/j.biocon.2020.108426.
Cariveau, A. B., Holt, H. L., Ward, J. P., Lukens, L., Kasten, K., Thieme, J., & Oberhauser, K.
(2019). The integrated monarch monitoring program: from design to implementation.
Frontiers in Ecology and Evolution, 7, 167.
Commission for Environmental Cooperation. (2009). Monarch Butterfly Monitoring in North
America: Overview of Initiatives and Protocols.
CropScape. (2019) Cropland Data Layer. CDL_2019_clip_202210321133840 USDA National
Agriculture Statistics Service https://nassgeodata.gmu.edu/CropScape/.
Dangles, O., & Casas, J. (2019). Ecosystem services provided by insects for achieving
sustainable development goals. Ecosystem services, 35, 109-115.
https://doi.org/10.1016/j.ecoser.2018.12.002.
Demsey, P. (2019) Breaking down the use of glyphosate in the U.S. Midwest Center for
Investigative Reporting.
Dicks, L. V., Viana, B., Bommarco, R., Brosi, B., del Coro Arizmendi, M., Cunningham, S. A.,
& Potts, S.G. (2016). Ten policies for pollinators. Science, 354(6315), 975-976.
Durant, J. L., & Otto, C. R. (2019). Feeling the sting? Addressing land-use changes can mitigate
bee declines. Land Use Policy, 87, 104005.
Egan, J. F., Bohnenblust, E., Goslee, S., Mortensen, D., & Tooker, J. (2014). Herbicide drift can
affect plant and arthropod communities. Agriculture, Ecosystems & Environment, 185,
77-87.
Farhat, Y. A., Janousek, W. M., McCarty, J. P., Rider, N., & Wolfenbarger, L. L. (2014).
Comparison of butterfly communities and abundances between marginal grasslands and

34

conservation lands in the eastern Great Plains. Journal of insect conservation, 18(2),
245-256.
Feng, Y., Deb, S., Wang, G. G., & Alavi, A. H. (2020). Monarch butterfly optimization: a
comprehensive review. Expert Systems with Applications, 114418.
Flockhart, T., Pichancourt, J., Norris, D., & Martin, T. (2014) Unravelling the annual cycle in a
migratory animal: breeding-season habitat loss drives population declines of monarch
butterflies. Journal of Animal Ecology, 84, 155–165.
Grant, T. J., Parry, H. R., Zalucki, M. P., & Bradbury, S. P. (2018). Predicting monarch butterfly
(Danaus plexippus) movement and egg-laying with a spatially-explicit agent-based
model: the role of monarch perceptual range and spatial memory. Ecological Modelling,
374, 37-50.
Hall, D. M., & Martins, D. J. (2020). Human dimensions of insect pollinator conservation.
Current opinion in insect science.
Hall, D. M., & Steiner, R. (2019). Insect pollinator conservation policy innovations at
subnational levels: Lessons for lawmakers. Environmental science & policy, 93, 118-128.
Hiller, T. L., Powell, L. A., McCoy, T. D., & Lusk, J. J. (2009). Long-term agricultural land-use
trends in Nebraska, 1866—2007. Great Plains Research, 225-237.
Jacobsen, S. E., Sørensen, M., Pedersen, S. M., & Weiner, J. (2013). Feeding the world:
genetically modified crops versus agricultural biodiversity. Agronomy for Sustainable
Development, 33(4), 651-662.
Khan, K. S., Kunz, R., Kleijnen, J., & Antes, G. (2003). Five steps to conducting a systematic
review. Journal of the Royal Society of Medicine, 96(3), 118–121.
https://doi.org/10.1258/jrsm.96.3.118.
Main, A. R., Hladik, M. L., Webb, E. B., Goyne, K. W., & Mengel, D. (2020). Beyond
neonicotinoids–Wild pollinators are exposed to a range of pesticides while foraging in
agroecosystems. Science of the Total Environment, 742, 140436.
McConnell, M. D., & Burger Jr, L. W. (2017). Precision conservation to enhance wildlife
benefits in agricultural landscapes. Precision Conservation: Geospatial Techniques for
Agricultural and Natural Resources Conservation, 59, 285-312.
Mermet, L. (2018). Knowledge that is actionable by whom? Underlying models of organized
action for conservation. Environmental Science & Policy.
Natural Resource Conservation Service. (2021) United States Department of Agriculture
https://www.nrcs.usda.gov.
Panella, Melissa J. (Editor). (2017). Conservation strategy for Monarchs (Danaus plexippus) and
at-risk pollinators in Nebraska. Nebraska Monarch and Pollinator Initiative, Nebraska
Game and Parks Commission, Lincoln, NE.

35

Pleasants, J. M., & Oberhauser, K. S. (2013). Milkweed loss in agricultural fields because of
herbicide use: effect on the monarch butterfly population. Insect Conservation and
Diversity, 6(2), 135-144.
Reppert, S. M., & de Roode, J. C. (2018). Demystifying monarch butterfly migration. Current
Biology, 28(17), R1009-R1022.
Rhodes. C., (2017) The Imperative for regenerative agriculture. Science Progress, 100(1), 80 –
129 Paper 1700224 doi:10.3184/003685017X14876775256165.
Rosenberg, K. V., Dokter, A. M., Blancher, P. J., Sauer, J. R., Smith, A. C., Smith, P. A., &
Marra, P. P. (2019). Decline of the North American avifauna. Science, 366(6461), 120124.
Samways, M. J., Barton, P. S., Birkhofer, K., Chichorro, F., Deacon, C., Fartmann, T., &
Cardoso, P. (2020). Solutions for humanity on how to conserve insects. Biological
Conservation, 242, 108427.
Sánchez-Bayo, F., & Wyckhuys, K. A. (2019). Worldwide decline of the entomofauna: A review
of its drivers. Biological conservation, 232, 8-27.
https://doi.org/10.1016/j.biocon.2019.01.020.
Saunders, S. P., Ries, L., Oberhauser, K. S., Thogmartin, W. E., & Zipkin, E. F. (2018). Local
and cross‐seasonal associations of climate and land use with abundance of monarch
butterflies Danaus plexippus. Ecography, 41(2), 278-290.
Sharma, A., Jha, P., & Reddy, G. V. (2018). Multidimensional relationships of herbicides with
insect-crop food webs. Science of the total environment, 643, 1522-1532.
Sharma, A., Shukla, A., Attri, K., Kumar, M., Kumar, P., Suttee, A., & Singla, N. (2020). Global
trends in pesticides: A looming threat and viable alternatives. Ecotoxicology and
Environmental Safety, 201, 110812. https://doi.org/10.1016/j.ecoenv.2020.110812.
Sponsler, D., Grozinger, C., Hitaj, C., Rundlöf, M., Botías, C., & Douglas, M. (2019) Pesticides
and pollinators: A socioecological synthesis. Science of the Total Environment 662
1012–1027 https://www.sciencedirect.com/science/article/pii/S0048969719300166.
Tracy, J. L., Kantola, T., Baum, K. A., & Coulson, R. N. (2019). Modeling fall migration
pathways and spatially identifying potential migratory hazards for the eastern monarch
butterfly. Landscape Ecology, 34(2), 443-458.
Van Bruggen, A. H. C., He, M. M., Shin, K., Mai, V., Jeong, K. C., Finckh, M. R., & Morris Jr,
J. G. (2018). Environmental and health effects of the herbicide glyphosate. Science of the
Total Environment,616, 255-268.
Vanbergen, A. (2013). Threats to an ecosystem service: pressures on pollinators. The Ecological
Society of America, 251-259. https://esajournals-onlinelibrary-wileycom.libproxy.unl.edu/doi/pdfdirect/10.1890/120126.
Yang, L. H., & Gratton, C. (2014). Insects as drivers of ecosystem processes. Current Opinion in
Insect Science, 2, 26-32.

36

37

